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Survey of a Hybrid Image Denoising Algorithm Based on
Wavelet Shrinkage and Nonlinear Diffusion

Jin Shili', Zhao Zhigang

(1 College of Information Engineering, Qingdao University, Qingdao 266071, China)

Abstract It is important for improving the image quality. Wavelet transform is
widely used in the area of image denoising because of the good property of multires-
olution and energy compaction, The Anisotropic Diffusivity of partial differential
equation completes denoising while as far as possible to keep the characteristic of
image. Wavelet is quickly transformed. Total variation diffusion completes denoising
while as far as possible to keep the details of image, but sometimes it makes mis-
take to regard noise as edge. According to both characteristics of denoising, mixed
methods of combining wavelet with partial differential equation for image denoising
are proposed.

Keywords wavelet, partial differential equation, non-linear diffusion, denoise

AREREEGLHIBFTHN—IE  REFRRBEROHHBEENERT X,
BERBFRE, NBOTEMRMA TR MEERETRAESNER, BERETER

E2WH. HEFHARERLSTA (60602040),



. BREEERHRSKA (2010)

SR EEGERIEETRATR
BINEF, RS BT B BRI KBRS
MR IR B B R AL %, RIERH
B ERFER. RERSSN T LMY
#0F0 — 4k Haar /NS 36 Z B B F 41 R
R, HFWAR EWIE T ELKMEY BOTER
F Haar NEER T, RIETELET &
HETEERRR MR PR TR
—ERE BRI ERBRAENHAN,
REMRAT AR RER SRR
MEMBRE, BETHZE _EFHRKHIR
A RIFHRERTRS ZRTIE.

IR (25 74X/l Ve o

LUV BHNREEG R, HE—
AL RES T RERNIE, 245
Wk E LR E W ER, HAREER
BEHLHAARENT BOFR, A%8a
BEBEANBEEME, HRAENRLHES
BFEMFRURPHZES, MERH
XA TEAG LR UAZB ERBHEDY
Hi,

Perona fll Malik B4c8 4 T —FET
RS BERMEREY BB %,
HIZEHRERESASHIIANTH
SRNER, BEHAEKETBERAN
ik

u,=div(c(x,y,t)Vu)
=c(x, ¥y t)Au+Vec » Vu Q)]

HH, oz, y, ) ARERFHEF.
x (D F, Sclxy vy, D=g(Vul|), ¥
B BAIEN:
=V« (g(|Vul|) » Vi)
=g(|Vul|) * Aut+2AuVg(| Vul|) (2)
He, Vu=(u,, u,), Au=u, tu,.
FeglvVu)=1//d+d, KK 2) FER
B Rudin ¥R B W LEE (TV) §HIE
B, ZERRERE A LR AR FEIR, B

AR EEBRNZREL, MRAERTZ.

2 pESIESAY BERERR

ARG O B LA VR A T AR B
KHIT A G, X F0 K T 52 B R B R
mEEmE, TV VB ERELRRAR
st 4 SR B R K %, BRI A RE
HECLX A% E BFBRE, Fiawg
YN %, ATUREBRE S & B R A
3, BrLARL B AE X B R Y BUAT 21T £ %R
TSRS m TRAERES. ToBE.
REF B SR, ERBRER I TR
TERMA, RS TERGY Bt
FIANEERE T

2.1 INEEBRFE

BB TN FERRKER /D
TEFEH R EXR/PEEHRAFRENEK
EHXY, ERBERESHERE/NK
HMERE - BERK/PERE P, TTRA
MEER S R E BN/ BN, /PR
Bi5, BELBEXRHDBERBE—BUGES
KHE, MBEELENIHRBERKEE L
R, RGE T EE BE, RS
RPkAT4r, ALHEREFEFE P RK
BERARSE, MBRERANRBERRE
BREOFFER S, M TIEH/DRRETRLE
PUE S BT AHEBRBR S T30, Xt TR E
KO RE, THETRPEENER LIRS
BRI FFAE, TIXE T THEZE R
AT, MEETV I #P#T8RRE
.

REWRERIEABE L S “dE
A7 MEERYE, BEKXTREL B/DEREK
TUEBERRSERSERRE AR
ﬁ?‘lﬁ{ﬁ/\1=alx(a1€[1, 2]) H‘J?ﬂ&%i‘
BB IEE L. X TIEHEDORE, 7
LA SR MRS A, B TR BEE o R



EFNREEEMT BROREERER 5

B MBS, REERABEN TR
BERIBRME A, BEURTFS B 40 RO B 38
B/ o

A=ag+v2log N (3)
A2=(5—35)/10XA 4

He, o HMEE 2, N IEBKRAD,
j AEERRRE.

=Median(|Wf(x, W)
g 0.674 5 ’

Wf(x, y)E€HH, (5)

MR, EREFRETATARNARRE
ARl RE SRR AHOE, BRI %) 28 R Sk
Frift— RN, LA A RS X B R R AE
ERME W, HBEE/D B RBHEEAX
t, BI—NERH/DERE, HPHAN
AREBHLB R, M—NERPHRE, HA
BUEENNORBEEGE D, REURK
FHOH NXNHSEE D (habB 3X3
R E 0D, RRHESEER, mRE
SBHEBEHNELTF n(n<<2) MEBEKRTH
Ao, MAKHEZRHATRESBRERX, |
BRABEMNKRELEERRE, Fm
w65,

Bl A A e R, X
AREEEAKRBR /DR, REEEX
WHR, FEHHEESHAEREE [—30.
30] ZAMNMBERIEE /DN, SEABME A A
HESREEFHEZREBR. BiERS
BEE ROBE 3% i R, RER
REMKBTRE, SHEHEERERN
W, BERER /N, RAK
RRE#TESR, REKZEKXE, XA
BAWEEHETES, BN TEREX
BRBERETMAR (7)) FIRHETFR
FE B B {H

thr=3gX 27+? (6>

Wf(x, y):{
0

sgn(Wf(x, y)D(|Wf(x, y)|—thr)

2.2 MEMTVHFHESANBRSER

28 TV BEEZRBA IR T IH ARk
HBXAHES IR BB, FEX B R P
TV § BRI E# T/ B ER, B THET IR
INEEBRFERBZ BRI XR, FHEmM
FENBEB TR ETFRRBZ [ KR .

ET/PEMELRTET BNRG LR
HERERLRUT

O KA LEAr e DB F R E R
F/NBLSH IR, EFAE /DI E /N
SREER, BANREREWS (z, );

@ ERHHAK, HEBREA 4. &
i thr, XARKREBATA R HIREALBE;

@ X+ALBE B R BOH AT IERRE /N B
B, REXEBHET TV I BREERE
HE S

3 PiRgRS5abr

ATHRIUERBEEOERE, XA
512X 512 FVRUEIR BE R Lena £E AL 5 Xt
8, Sr RN R R B2 B A B N
AW, 3R VisuShrink, BayesShrink,
/M. TV BRATESRAY BOE
HITHE, TRERWNE 1R,

MAE 1S LIEH, X F Lena E&,
B4 S5 VisuShrink., BayesShrink. 3JE
HEE/NE,. TV ¥ 85 EH R E W E
R, BiFHRE T RELMOER,
RETHRRIUNERE, AHTEES
ERREE, RETHERPHHATELE
BEEE, B TREMNAEERE, RE
— % 1)3E Ak .

RIPLHETEARMBRSSESR, B
8 Lena 3k FAAR [ 2 M7 3545 31 ) BAR Fr
|Wf(x, y)|=thr

P
|WF(x, y)|<thr



BgEEERARSNA (2010)

{H{E% k PSNR (dB), %% 1 FEIERT LA
EFH, MEWRESFRMEM, S/ FERN
WEAE 15 M L R B R, RIAENIEH TR
FEERIKNGE. EREEREENIE
T, Flnmgs 22k 15 6, BEHTER

Uy

WY

(a) Original image

¥

e

HERT TV V8O, BRMAELR/D, B
HWEFERMMM, BE T EATEEE B
ARKEENRE, 5 TV BT EML,
B iR E RSB, E—PABE LR
IE T iR-B 7 kB S R AL A

( BayesShrini ( ) 1F¢Bi$¥/l\i7}z -’ K() TVH# (h) iﬁé}ﬁ;«zn
B1 o=308, BfLenaERER
F1 B Lena XA EK PSNR (dB)
WA (o) ARER VisuShrink BayesShrink | JE#i#E/NEE TV & BAEE:
15 24.6115 29.213 8 31.280 0 31.919 3 32.026 4 32.082 9
20 22.112 7 28.077 3 30.121 3 30. 085 3 30. 607 7 31.312 4
25 20.174 5 27.160 9 29.144 0 28.575 9 28. 954 6 30.478 4
30 18.590 9 26. 429 5 28.397 8 27.291 3 27.154 5 29.591 7

4 S

A SCHRR T /INBE A o3 T 1k 1) 25 RS
8, DAEERERTHERES, REXE
B PrRAF LR BT Z A, MER
VHUNLREBIFEE M ZRMR, HETXR
AERERE, sRRBIILEKR, JFFHEUX S
MEAE RN, X E B R AR, A
R H AR S BRR R 5 R R

8 % X W
(1] RER, WicH. EF g/ NERESERE

TRMESEWRAE R B TF¥M, 2006, 34
(1): 163 -1686,

[2] PERONA P, MALIK ]. Scale space and edge
detection using anisotropic diffusion. IEEE
Trans Pattern Analysis and Machine Intelli-
gence, 1990, 12 (7). 629 - 639,

[3] DUAN R L Image Denoising Method of Nonlin-
ear Threshold - self - adjusting - based Wavelet.
Journal of Optoelectronics * Laser, 2006, 17
(7). 871-874.

[4] DONOHO D L, Johnstone I M. Ideal Spatial
Adaptation via Wavelet Shrinkage. Biometrika,
1994, 81 (3): 425-435.

[5] CHANG S G. Adaptive Wavelet Thresholding



BTN SIEEMT BARAERER

for Image Denoising and Compression. IEEE

Transaction On Image Processing, 2000, 9
(9): 1532 -1546.

[6] GNANADURA I D. Undecimated double den-
sity wavelet transform based speckle reduction
in SAR images. Computers and Electrical Engi-
neering, 2009, 35; 209 - 217.

[7] RUDIN L. Nonlinear total variation based noise
remal algorithms. PhysD, 1992, 60 (1 - 4):
259 - 268.

(8] & HT/PEAHM PDE BIRIBRE 5E5H
BgKE (D). 4. LRBEREESRE
AR, 2001,

[9] LI X, ORCHARD M T. Spatially adaptive im-

E-mail; qdujinshili@163. com

age denoising under over-complete expansion.
ICIP. 2000; 300 - 303.

[10] STEVE D B. Denoising of multicomponent
image using wavelet least-squares estimators,
Image and Vision Compute, 2008, (26):
1038 -1051.

[11] CAI T T. Incorporating information on neigh-
bouring coefficients into wavelet estimation.
Sankhya, 2001, 63 (2); 127 - 148.

[12] OLIVER S. Adaptive feature- preserving non-
local denoising of static and time-varying range
data, Computer — Aided Design, 2008, 40:
701 - 707.

(1982—), 4, WLBsTA. FERFSPAET/DERGES SESLHE,

7



- EREEEAFRSNE (2010)

£ T PSO f1 24 OTSU Ky B R AR08 3 SR 5 3%

BER AR R

(i i k2, BES5H T IR, Jbal  102206)

B B UXHATATEAEERR_RREREAFEZOBRRHEERT &, 4
Mo FREAF EEXRAET ST ELL, AKX, R EFFIME, #
HTRATREBE A BZERERNFEOBEREMERTE. HFETRRHA,
Mg B RS R BEAE YRR LM T T RS, ERLEREAN, BEERNE
BAFTARTF— A5t sd, REIFBRARARNRE Z2HtY HREBBRRAA
HER, A TREVANGERE,

XBE MEEAEE: HEHME —fFREEFEEXZ AFER

Image Fuzzy Enhancement Algorithm Based on PSO and
Two-dimensional OTSU

Yang Zhenhuan, Sun Fengjie, Fan Jieqing

(School of Electric and Electronic Engineering, North China Electic Power University, Beijing 102206, China)

Abstract Image enhancement based on fuzzy set theory and two-dimensional
OTSU method is studied in this paper, for the problems that the method is com-
plex, time-consuming and lack of real-time during evaluating threshold, a two-di-
mensional OTSU method based on particle swarm optimization is presented. This
method can be accurate, fast and adaptive to enhance the target in the picture and
suppress background noise at the same time. The experiment results indicate that
the algorithm is simple and better than some traditional methods, and can better
meet the needs of electrical power equipment image recognition for remote video
surveillance system, benefit to improve the recognition accuracy.

Keywords particle swarm optimization, fuzzy set, two-dimensional OTSU

method, video surveillance
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